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A  FURTHER  STUDY  OF  NITROGEN  RETENTION  IN 
THE  BLOOD  IN  EXPERIMENTAL  ACUTE 
NEPHRITIS.* 
BY  HOWARD  T.  KARSNER,  M.D.,  AND  W.  DENIS,  PH.D. 
(From  the  Laboratory  of  Pathology  (Phillips  Fund)  and  the  Laboratory  of 
Biological  Chemistry  of  the Harvard Medical School,  Boston.) 
In a  previous communication  s we reported the results of the study 
of  experimental  acute  nephritis  in  the  cat  produced by  uranium 
nitrate,  by potassium chromate,  and by cantharidin.  It was shown 
that these forms of nephritis result in moderate but distinctive reten- 
tion  in the blood of non-protein  and  urea  nitrogen;  that  from the 
anatomical point of view the almost purely tubular forms of nephri- 
tis result in moderate retention of nitrogen;  and that the additional 
anatomical  involvement  of  the  glomerulus  leads  to  a  somewhat 
greater  retention.  Since  the  publication  of  this  report  the  same 
methods  have  been  applied  in  other  studies.  Frothingham,  Fitz, 
Folin, and Denis  2 have shown that the nitrogen retention and phenol- 
sulphonephthalein  excretion are parallel  and  in accordance with the 
degree of anatomical lesion in uranium  nephritis  of the rabbit,  and 
that nitrogen retention lags somewhat behind the diminished excre- 
tion of the dye.  Farr and Austin 3 have shown that in human cases 
the  appearance  of  chronic  passive  congestion  of  the  kidneys  leads 
to  no  increase  in  the  total  non-protein  nitrogen;  that  in  chronic 
nephritis  associated  with  marked  albuminuria  and  edema  there  is 
little  if  any  increase;  that  in  chronic  nephritis  with  hypertension 
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there is a  welt marked increase in total non-protein  nitrogen  with a 
percentage  increase  of  the  ammonia-urea  fraction;  and  that  there 
is a  concordance between the appearance  of uremia  and  increase  in 
the  total  non-protein  nitrogen.  Folin,  Denis,  and  Seymour  4 have 
shown that in cases of chronic interstitial  nephritis  with high blood 
pressure  it  is  possible by low protein  diet to  reduce  the  total  non- 
protein nitrogen  practically  to normal,  and  they state that  there  is 
"no marked  connection between the blood pressure and the degree 
of retention,  indeed it is doubtful whether there is any connection." 
They  also  found  no  close  connection  between  phenolsulphoneph- 
thalein  excretion  and  nitrogen  retention,  presumably  because  the 
latter is so much under the influence of diet. 
The purpose of the present communication  is to present observa- 
tions  of other  varieties  of experimental  acute  nephritis  than  those 
presented in the first publication, thus including the forms produced 
by a specific hemolytic immune serum, by sodium arsenate,  by diph- 
theria  toxin,  and  by tartaric  acid.  The  same  technique  was  em- 
ployed as in the preceding study, and,  in addition,  as often as pos- 
sible  two  determinations  of  the  normal  blood  were  made  in  each 
experiment.  Unsuccessful attempts  were made  to  produce an  ex- 
perimental  nephritis  of  the  cat  by the  use  of  rattlesnake  venom. 5 
A  cat weighing 2,500  grams  died in thirty=six  hours  from a  hypo- 
dermatic injection of o.oIo of a gram of dried venom; a  cat weigh- 
ing 2,200 grams survived an injection  of 0.009 of a  gram  of dried 
venom;  and  a  cat  weighing  3,300  grams  survived  an  injection  of 
O.Ol 3 of a gram of dried venom.  None of the animals  showed any 
retention  of  non-protein  nitrogen,  and  histologically  their  kidneys 
showed nothing  that  could be interpreted  as nephritis. 
4 Folin, O., Denis, W., and Seymour, M., The Non-Protein  Nitrogenous Con- 
stituents of the Blood in Chronic Vascular Nephritis  (Arteriosclerosis)  as Influ- 
enced by the  Level of  Protein  Metabolism, Arch.  Int.  Med.,  1914 (in  press). 
Seymour, M., The Effect of Nitrogenous Waste Products in the Blood in Chronic 
Interstitial  Nephritis, Boston  Med. and Surg. Jour., 1913, clxix, 795. 
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IMMUNE  SERUM  NEPHRITIS. 
It has been pointed out by Pearce and Eisenbrey  6 that the nephri- 
tis produced by a  hemolytic immune serum differs from that pro- 
duced by a specific nephrotoxic serum principally in that the former 
shows more marked glomerular change histologically.  Physiolog- 
ically, however, there is no notable difference between the two, both 
showing the vascular reactions of a  tubular nephritis.  Because of 
the greater ease of preparation, hemolytic immune serum was used 
in the present study.  In the cat there is, in the early stage of this 
variety of nephritis, moderate cloudy swelling of the tubular epithe- 
lium most noticeable in the distal convoluted tubules associated with 
moderate swelling of the capillary endothelium of the tuft and the 
appearance of much albuminous precipitate in the subcapsular space. 
Hyaline and granular casts are  frequent in the ascending loops of 
Henle, but the picture throughout is obscured by the bile and hemo- 
globin  staining  of  the  tissues.  After  the  disappearance  of  this 
staining the glomerular change is somewhat more marked and the 
degeneration of the distal convoluted tubules persists,  in diminish- 
ing  degree  of  severity,  up  to  twelve  days,  the  longest  period  of 
observation. 
Cat IS.--Weight 1,65o gm.  Given  intravenously 0.8 c.c. of specific hemolytic 
immune serum (about 0.5 c.c. per kilo).  Bled  on the 2d, 3d, 4th, 8th, Ioth, and 
I2th days. Hemoglobinuria for 24 hours.  Albuminuria appeared on the 2d day 
and continued until the 4th day, but had disappeared on the 8th  day.  Killed 
with chloroform on the Izth day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (8 dys.)  42 rag.  7  27 rag. 
Before injection (4 dys.)  41  rag.  27 rag. 
21 hrs. after injection  52 mg.  35  rag. 
45 hrs. after injection  47 rag.  31  rag. 
69 hrs. after injection  48 rag.  23 rag. 
7 dys. after injection  52 rag.  27 rag. 
9 dys. after injection  42 rag.  23 rag. 
II dys. after injection  55  rag.  22 nag. 
6 Pearce, R. M., and Eisenbrey, A. B., A Physiological  Study of Experimental 
Nephritis Due  to  Bacterial Poisons and  Cytotoxic Sera, ]our.  Exper.  Med., 
191I, xiv, 3o6. 
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Cat x6.--Weight L95o gm.  Given intravenously L5  c.c. of specific hemolytic 
immune serum  (about o.75 e.c. per kilo).  Bled on the 2d day.  Albuminuria and 
hemoglobinuria on the 2d day.  Killed with chloroform on the 2d day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (3  wks.)  39 mg.  26  rag. 
Before injection (2 wks.)  39 rag.  25  rag. 
24 hrs. after injection  IO5 rag.  84 rag. 
Cat ZT.--Weight 2,I5o gm.  Given intravenously L6 c.c. of  specific hemolytic 
immune serum  (about 0.75 c.c. per kilo).  Bled on the 2d  day.  Hemoglobinuria 
and albuminuria on the 2d day.  Found dead on the morning of the 3d day. 
Time ot bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (I wk.)  4o rag.  24 rag. 
Before injection (4 dys.)  34 mg.  I9 rag. 
24 hrs. after injection  8o  rag.  45  rag. 
It will be seen that a  relatively small dose of hemolytic immune 
serum is capable of producing a  slight retention of nitrogen in the 
blood  and  that  larger  doses  result  in  well  marked  retention  of 
nitrogen with a  considerable increase in the urea  fraction.  Thus 
a nephritis which shows extensive tubular change histologically and 
moderate  glomerular change,  a  nephritis  which physiologically is 
tubular  in  character,  produces a  moderate degree  of  nitrogen re- 
tention. 
ARSENIC  NEPHRITIS. 
Arsenic produces a nephritis in the cat which in the earlier stages 
shows histologically only slight glomerular change in the  form of 
albumin in the subcapsular space  and an  occasional swollen endo- 
thelial  cell.  The  tubular  epithelium  shows  a  rapidly  advancing 
cloudy swelling, proceeding particularly in the proximal convoluted 
tubules to marked necrosis; there is much granular and hyaline cast 
formation.  In the later stages  (two weeks)  the epithelium shows 
a  marked tendency to recovery and the glomerulitis becomes some- 
what more distinct but never very severe.  This form of nephritis 
in dogs is primarily vascular in the physiological sense,  s but in its 
later  stages  (three  to  five  days)  is  more  nearly  like  the  tubular 
forms.  Examinations of the urine have shown an increased output 
s Pearce,  R.  M.,  Hill, M.  C.,  and Eisenbrey, A.  B.,  Experimental Acute Ne- 
phritis: The Vascular Reactions and the Elimination of Nitrogen, /our.  Exper. 
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of  nitrogen.  The  highly  fatal  character  of  arsenic  intoxication 
renders the study of the condition somewhat more difficult than in 
the case of the other nephrotoxic agents. 
Cat  ~8.--Weight 2,4oo gin.  Given subcutaneously o.o25 gin. of  sodium arse- 
nate  (about O.OLO gin. per kilo).  Bled after 6 hours and on the 2d, 5th,  and 6th 
days.  No albuminuria up to the  Ilth day.  On the  Ilth day given o.o75 gm. of 
sodium arsenate  (about 0.o30 gin. per kilo).  Bled after 18 hours, after showing 
slight albuminuria; killed with chloroform after bleeding. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (I too.)  40 rag.  20 rag. 
Before injection (3 wks.)  40 rag.  21  rag. 
3 hrs. after Ist injection  46 rag.  28 rag. 
3o hrs. after ISt injection  47  mg.  28 mg. 
78 hrs. after ISt injection  41  mg.  23  mg. 
IO2 hrs. after Ist injection  5o rag.  3o rag. 
18 hrs. after 2d injection  79 mg.  66 rag. 
Cat I9.--Weight 2,5oo gm.  Given subcutaneously o.o75 gm.  of  sodium arse- 
nate  (o.o30 gm.  per  kilo).  Bled  after  6  hours,  at  which  time moderate  albu- 
minutia was found.  Found dead at the end of 24 hours. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before  injection (3  dys.)  38 rag.  20 rag. 
6 hrs. after injection  40 rag.  28 rag. 
Cat 2o.--Weight 2,08o gin.  Given subcutaneously o.o45 gm.  of  sodium arse- 
nate  (about o.0225 gin. per  kilo).  Bled  on  the  2d,  3d,  5th,  7th,  8th,  and  I4th 
days.  Albuminuria appeared on the 2d day and continued until the 7th,  but had 
disappeared on the x4th day.  Killed with chloroform on the I8th day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (19 dys.)  44 rag.  28 rag. 
Before injection (2 wks.)  43 rag.  28 mg. 
24 hrs. after injection  63  rag.  50 mg. 
48 hrs. after injection  55  rag.  39 rag. 
96 hrs. after injection  50 rag.  40 mg. 
I2o hrs. after injection  47  rag.  30 rag. 
2 wks.  after injection  39 rag.  17 mg. 
Cat 2r.~Weight 1,85o gin.  Given subcutaneously 0.043 gin. of  sodium arse- 
nate  (about 0.0225 gm. per kilo).  Bled on the 2d  and 4th  days.  Albuminuria 
appeared on the 2d day and continued until death.  Animal was found dying on 
the 5th day, and blood was taken from the posterior vena cava as death occurred. 
Time of bleeding.  Iq'on-protein  nitrogen.  Urea nitrogen. 
Before injection (6 dys.)  42 rag.  27 rag. 
Before injection (5 dys.)  43 rag.  27 rag. 
24 hrs. after injection  52 rag.  39 rag. 
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Cat 22.--Weight  2,o00  gin.  Given  subcutaneously  0.050  gm.  of  sodium  arse- 
nate  (0.025  gin.  per  kilo).  Bled  on  the  2d,  4th,  and  Ioth  days.  Albuminuria 
appeared  on  the  2d  day  and  continued  until  death.  Killed  with  chloroform  oa 
the  Ioth day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection  (5  dys,)  39  rag.  25  rag. 
Before injection  (3  dys.)  45  rag.  30  rag. 
24  hrs.  after  injection  95  rag.  68  rag. 
72  hrs.  after  injection  40  rag.  27  rag. 
216  hrs.  after  injection  57  rag.  29  rag. 
From the results it will be seen that  arsenic nephritis  is  accom- 
panied  by  a  moderate  retention  of  nitrogen  in  from  twenty-four 
to seventy-two hours, but that in the early stages, when physiolog- 
ically it is of vascular type the retention is extremely slight.  In the 
animal with most marked nitrogen retention the changes histolog- 
ically were almost so.lely tubular, even at a  stage when physiolog- 
ically the condition is a  tubular nephritis.  From the point of view 
of  nitrogen  retention,  the  nephritis  of  arsenic  shows  the  most 
marked  retention at  the  time when the tubular  changes are  most 
prominent. 
DIPHTHERIA  TOXIN  NEPHRITIS. 
The nephritis produced by a single toxic dose of diphtheria toxin 
is essentially an acute glomerular nephritis2  There is swelling of 
the glomerular tuft with slight endothelial proliferation, infiltration 
of the polymorphonuclear leucocytes, occasionally pyknotic nuclei, 
albumin in the subcapsular space, occasionally hyaline thrombi, and 
swelling  of  the  subcapsular  epithelium.  The  tubular  epithelium 
shows moderate cloudy swelling in the earlier cases with the accu- 
mulation of a moderate amount of granular material in the lumina 
of the tubules.  Later there is more marked degeneration and small 
areas of actual necrosis.  The change affects all the tubular epithe- 
lium, but most markedly that of the proximal convoluted tubules. 
For the  sake  of  uniformity the  dose  is  given in units.  It  has 
been shown by Paton, Dunlop, and Macadam  1°  that there is an in- 
9  The toxin  used  was  furnished  and  titrated  by Dr.  Theobald  Smith. 
lo Paton,  N.,  Dunlop,  J.  C.,  and  Macadam,  I.,  On  the  Modifications  of  the 
Metabolism  Produced  by the Administration  of Diphtheria  Toxin, ]our. Physiol., 
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creased  output of  nitrogen  following the  administration of  diph- 
theria toxin, which they believe to be due to the increased catabolism 
of fever, but there is nothing in their report to indicate whether or not 
they  gave  sufficiently large  doses  to  produce  a  distinct  nephritis. 
Pearce and Eisenbrey  it regard the earlier stages of the nephritis as 
physiologically tubular in character and the later stages as probably 
vascular. 
Cat 23.--Weight 2,850 gm.  Given IO ttnits of diphtheria toxin subcutaneously 
(about 3  units per  kilo).  Bled  on the  2d  day.  Well marked  albuminuria on 
the 2d day.  Found dead on the morning of the 4th day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (5  dys.)  4I  rag.  25  rag. 
Before injection (t dy.)  42 rag.  28 nag. 
24 hrs. after injection  5o mg.  33 rag. 
Cat  z4.--Weight  2,35o gm.  Given  4.5  units  of  diphtheria  toxin  subcuta- 
neously (about 2 units per kilo).  Bled on the 3d and 5th days.  No urine at the 
end of 24 hours; did not eat well after injection.  Slight albuminuria at the end 
of 48 hours, increasing in amount until death.  Found dead on the 6th day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (5 dys.)  38 rag.  22  rag. 
Before injection (same dy.)  38 rag.  23  rag. 
48 hrs. after injection  61  mg.  39 rag. 
96 hrs. after injection  227  mg.  186 rag. 
Cat 25.--Weight 2,95o gm.  Given 9 units of diphtheria toxin subcutaneously 
(about 3 units per kilo).  Bled on the 3d  and 4th days.  Albuminuria appeared 
on  the  3d  day  (urine lost on  the  2d  day),  and was  well  marked  until death. 
Found dead on the morning of the 5th day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection (I  wk.)  41  rag.  24 rag. 
Before injection (3 dys.)  4I  rag.  26 rag. 
48 hrs. after injection  5o rag.  36 rag. 
72 hrs. after injection  2oo nag.  I58  rag. 
Cat 26.--Weight 2,7oo gin.  Given 3 units of diphtheria toxin subcutaneously 
(about I  unit per kilo).  Bled on the  3d  and 5th  days.  Albuminuria appeared 
on the 3d day and was moderate until death.  Found dead on the afternoon of 
the 5th day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before  injection (same dy.)  34 mg.  I7 mg. 
48 hrs. after injection  80 rag.  45  rag. 
96 hrs. after injection  254 rag.  216  rag. 
11 Pearce, R. M., and Eisenbrey, A. B., loc.  cit. 266  Nitrogen Retention in the Blood. 
It will be seen that in the earlier stages, when the condition physi- 
ologically is tubular, there is  only slight retention of nitrogen, but 
that later, when physiologically the condition is vascular the reten- 
tion becomes extremely marked.  This latter effect, however, prob- 
ably has much to do with the increased catabolism of the intoxica- 
tion, and, as Pearce and Eisenbrey point out, the vascular reactions 
are influenced at this stage by the profound and general effect of the 
toxin rendering accurate physiological conclusions impossible.  From 
both histological and physiological studies there can be little doubt 
that there is severe glomerular change at this period of great reten- 
tion, as well as distinct tubular change. 
TARTARIC  ACID  NEPHRITIS. 
That tartaric acid can produce a nephritis was first pointed out by 
Underhill,  12  confirmed  and  studied  further  by  Underhill,  Wells 
and Goldschmidt,  13 and also confirmed by Pearce and Ringer. 14 
The nephritis produced in the cat by the subcutaneous injection 
of tartaric acid (racemic, Merck) shows a most marked necrosis of 
the epithelium of the convoluted tubules, as described in dogs and 
rabbits  by Underhill and Wells.  There is  cloudy swelling of the 
epithelium generally.  There is much albuminous precipitate in the 
subcapsular  space  of  the  glomerulus,  as  described by  Pearce and 
Ringer.  In the  later  stages  the epithelial change is  only that  of 
slight cloudy swelling of the epithelium of the proximal convoluted 
tubule and occasional glomerular tufts  show slight swelling of the 
convoluted tubules.  Two eases show well marked interstitial edema. 
Studies of the vascular reactions of this form of nephritis have not 
appeared. 
1~ Underhill, F.  P.,  The Influence of  Sodium Tartrate upon the  Elimination 
of Certain Urinary Constituents during Phlorhizin Diabetes, ]our.  Biol.  Chem., 
I912  , xii, 115. 
is Underhill, F.  P.,  Wells,  H.  G.,  and  Goldschmidt,  S.,  Tartrate  Nephritis, 
with  Especial  Reference to  Some  of  the  Conditions under Which  It  May  Be 
Produced,  Jour.  Exper.  Med.,  1913, xviii,  322;  A  Study  of  Renal  Secretion 
during Tartrate Nephritis, ibid., p. 347;  A  Note on the Fate of Tartrates in the 
Body, ibid.,  p. 317. 
14Pearce,  R.  M.,  and  Ringer,  A.  I.,  A  Study  of  Experimental  Nephritis 
Caused by the Salts of Tartaric Acid,/our. Med. Research, 1913, xxix, 57. Howard T.  Karsner and  W. Denis.  267 
Cat 27.--Weight  1,65o gin.  Given subcutaneously  o.75  gin.  of tartaric  acid in 
6  c.c.  of  water,  plus  4  c.c.  of  saturated  sodium  carbonate  solution  (about  0.45 
gm,  of tartaric  acid  per  kilo).  Bled  on  the 2d,  3d,  4th,  6th,  7th,  8th,  Ilth,  and 
I3th  days.  Albuminuria  appeared  on the 2d  day, but  was  absent  on the  5th,  6th, 
and  7th  days,  reappeared  on  the 8th,  9th, and  Ioth  days,  and  was  absent  on  the 
I3th  day.  Killed with chloroform on the I4th  day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection  (2 dys.)  45  rag.  27  rag. 
Before injection  (same  dy.)  42  rag.  24  rag. 
22  hrs.  after injection  69  mg.  45  nag. 
46  hrs.  after  injection  36  rag.  2o  mg, 
71  hrs.  after  injection  4o  mg.  22  nag. 
118  hrs.  after  injection  57  mg.  31  rag. 
142 hrs.  after  injection  54  mg.  30  rag. 
II  dys.  after injection  5o  rag.  3o  rag. 
13 dys.  after  injection  52  mg.  31  rag. 
Cat  28.--Weight  2,15o  gm.  Given  subcutaneously  I  gin.  of  tartaric  acid  in 
5  c.c. of water,  plus 7 c.c. of saturated  sodium carbonate  solution  (about  0.5 gin. 
of tartaric  acid per kilo).  Bled  on  the 2d  and  3d  days.  Albuminuria  appeared 
on the 2d  day and continued on the 3d  day.  Found  dead in cage on the morning 
of the 4th day probably as the result of heart puncture. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection  (2  dys.)  45  mg.  26  mg. 
Before injection  (same  dy.)  46  rag.  27  rag. 
24  hrs.  after  injection  154  rag.  116  rag. 
45  hrs.  after  injection  222  rag.  181  rag. 
Cat 29.--Weight 2,I20  gm.  Given subcutaneously  1.8 gin.  of  tartaric  acid  in 
8.2  c.c.  of  water,  plus  Io c.c.  of  saturated  sodium  carbonate  solution  (about  0.9 
gin.  of  tartaric  acid per  kilo).  Bled  on  the  2d,  3d,  5th,  6th,  7th,  8th,  Ilth,  and 
I3th days.  Albuminuria appeared  on the 2d day, continued very small in amount, 
was barely perceptible on the 8th day, and became marked  thereafter.  Cat devel- 
oped  snuffles and  was  killed on  the  I3th  day. 
Time of  bleeding  Non-protein nitrogen.  Urea nitrogen. 
Before injection  (2 dys.)  45  rag.  26  rag. 
Before injection  (same  dy.)  44  rag.  26  rag. 
24  hrs.  after  injection  I32  rag.  Ioo rag. 
45  hrs.  after  injection  94  rag.  66  rag. 
96 hrs.  after  injection  38  rag.  I9  rag. 
12o hrs.  after  injection  37  rag.  I9  mg. 
144  hrs.  after  injection  40  rag.  25  rag. 
7  dys.  after injection  40  rag.  23  mg. 
1o dys.  after  injection  50  rag.  30  rag. 
I2 dys.  after  injection  50  mg.  29  rag. 
Cat 3o.--Weight  1,8oo  gin.  Given  subcutaneously  1.6  gin.  of tartaric  acid  in 
8  c.c.  of  water,  plus  8  c.c.  of  saturated  sodium  carbonate  solution  (o.9  gin.  of 268  Nitrogen Retention in the Blood. 
tartaric  acid  per  kilo).  Bled  on  the  2d,  3d,  4th,  and  6th  days.  Albuminuria 
appeared  on  the  2d  day  and  continued  until  death.  Found  dead  in  cage  on  the 
morning  of the 7th  day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection  (2 dys.)  40  mg.  22  mg: 
Before injection  (same  dy.)  41  rag.  24  rag. 
24 hrs.  after  injection  166  rag.  12o  rag. 
48 hrs.  after  injection  229  rag.  19o  mg. 
73  hrs.  after  injection  156  rag.  119  rag. 
129  hrs.  after  injection  13o  rag.  IOO mg. 
Cat  3L--Weight  2,200  gin.  Given  subcutaneously  2  gin.  of  tartaric  acid  in 
IO c.c.  of  water,  plus  I0  c.c.  of  saturated  sodium  carbonate  solution  (about  o.9 
gin.  of  tartaric  acid  per  kilo).  Bled  on  the  2d  and  3d  days.  Albuminuria  ap- 
peared  on  the 2d  day  and  on  the  morning  of  the  4th  day.  Complete  anuria  at 
the  end  of  24  hours,  and  on  the  2d  and  3d  days.  Found  dead  in  cage  on  the 
morning of the 4th day. 
Time of bleeding.  Non-proteln nitrogen.  Urea nitrogen. 
Before injection  (same  dy.)  4o  rag.  26  rag. 
22  hrs.  after  injection  133  mg.  IOO nag. 
48  hrs.  after  injection  21o  rag.  16o  rag. 
Cat  3I.--Weight  2,2oo  gin.  Given  subcutaneously  2  gm.  of  tartaric  acid  in 
9  c.c. of  water,  plus  6  c.c.  of saturated  sodium  carbonate  solution  (about  x  gin. 
of  tartaric  acid  per  kilo).  Bled  on  the  2d,  4th,  and  6th  days.  Albuminuria 
appeared on the 2d day and was  marked  until death.  Developed snuffles and was 
killed with chloroform on the 6th  day. 
Time of bleeding. 
Before injection  (same  dy.) 
24  hrs.  after  injection 
72  hrs.  after injection 
12o hrs.  after  injection 
Non-protein nitrogen.  Urea nitrogen. 
47  rag.  3O  rag. 
5o  rag.  32  rag. 
277  rag.  2t8  rag. 
382  rag.  312  rag. 
It can be seen that the degree of nitrogen retention in these ani- 
mals  with tartaric acid nephritis is  well marked, that  it appears to 
bear a  direct ratio to the dose of tartaric acid,  and that  it is most 
marked when the lesion histologically is almost purely tubular. 
SUMMARY. 
These studies,  like  all  studies  of the kidney, are difficult  of inter- 
pretation because of the impossibility  of producing a pure glomeru- 
far  or pure tubular nephritis.  Arsenic nephritis  in its  early stage is 
physiologically a vascular nephritis,  but anatomically tubular, and 
shows in  this  stage almost no retention  of nitrogen, although studies 
of urinary nitrogen indicate  an increased catabolism.  On the other 
hand,  diphtheria  nephritis in the  early  stages  is anatomically  a Howard  T.  Karsner  and  W. Denis.  269 
nephritis with marked involvement of the glomerulus anatomically, 
but it is physiologically a tubular form, and in this early stage there 
is little or no nitrogen retention although studies of metabolism indi- 
cate that protein catabolism is  increased by the administration of 
diphtheria toxin.  In both  cases,  however, there appears  to  come 
a  time when the excreting power of the kidney is  exhausted and 
nitrogen  accumulation  occurs  in  the  blood.  This  is  much  tess 
marked in the arsenic nephritis,  with less  tubular change, than in 
diphtheria  toxin  nephritis  with  its  marked  tubular  degeneration. 
This same late accumulation of blood nitrogen is seen in immune 
serum nephritis, where the tubular changes are persistent and rela- 
tively more severe than the glomerular change.  It might well be 
said that this is no argument for the influence of the tubules in the 
excretion of waste nitrogen because of the general exhaustion of the 
organism as  a  whole and of the kidney in particular, and that no 
positive conclusions can be drawn is indicated by the opening sen- 
tence of this summary.  Tartrate nephritis was at first considered 
as  purely  tubular;  but  the  appearance  of  occasional  glomerular 
change, as mentioned by Wells in one of his animals, and the fact 
that the presence of precipitated albumen in the subcapsutar space, 
pointed out by Pearce and Ringer, probably indicates an increased 
permeability of the tuft capillaries,  all lead to the conclusion that 
although the tubular change predominates, there is, possibly,  slight 
alteration  of  the  glomerulus.  This  form  of  nephritis  shows  the 
most  marked  retention  of  nitrogen,  persisting  even  though  the 
glomeruli  show  almost  no  change,  tending to  clear  up  with  the 
progress of time and evidently also with the repair of the tubular 
change, and bearing a direct relation to the dose of tartaric acid and 
presumably with the degree of tubular change.  It must be remem- 
bered, however, that the nephritis in the cases of greatest retention 
is a very severe form, and this again clouds the physiological inter- 
pretation of the results. 
The study shows no reason for altering the conclusions of our 
earlier studies,  15 but from the interpretation accorded above it ap- 
pears to throw more stress on tubular change as determining nitro- 
gen retention.  It confirms in addition the value of the methods used 
for studies of this type. 
1.~ Folin, 0., Karsner, H. T., and Denis, W., loc. cir. 